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Abstract
In this contribution, several improvements to the adaptive loop filter (ALF) in HM16.6 JEM-1.0 are proposed. Three main introduced modifications are: classification with the diagonal gradients taken into consideration, geometric transformations of filter coefficients and prediction from fixed filters. In addition, some cleanups of the software are also included. With the proposed methods, the coding performance of HM16.6 JEM-1.0 is improved by XX 1.1% and XX 1.1% on average for all intra (AI) and random access (RA) configurations respectively when all the tools are enabled and by 1.5% and 1.5% on average for all intra (AI) and random access (RA) configurations when only ALF is enabled. The overall performance of ALF, compared to HM16.6, reaches 4.0% and 6.0%, on average for AI and RA, respectively.
Introduction 
HM16.6 JEM-1.0 [1] includes an in-loop adaptive loop filter (ALF) which was proposed in [2, 3]. For the luma component, each 4x4 block in the picture is classified based on its directionality (up to 3 directions) and 2D Laplacian activity. The directionality  and activity  are calculated as follows:
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where  indicates a reconstructed pixel with relative coordinate  to the top-left of a 4x4 block. Activity  is further quantized to the range of 0 to 4 inclusively as described in [3]. Therefore, up to 15 sets of ALF parameters could be signalled for the luma component. 
Three diamond shaped filter, 5x5 7x7 and 9x7 are supported for luma. For both chroma components, a single set of ALF coefficients is applied and a 5x5 square shape filter is always used.
At decoder side, the decoded filter coefficients f (k, l) are applied to the reconstructed image R (i, j) 
	
	
	(5)


where K indicates the filter size and o indicates filter offset. In addition, the ALF coefficients of previously coded pictures are stored and allowed to be reused as ALF coefficients of a current picture. 
[bookmark: _Toc336873182]Technology description
In this contribution, three changes are proposed on top of ALF in HM16.6 JEM-1.0: 1) modified classification with the diagonal gradients taken into consideration, 2) geometric transformations of filter coefficients, and 3) prediction from fixed filters. In addition, some cleanups of the code are also performed.
Classification with diagonal gradients
Each  block is categorized into one out of 25 classes based on its directionality and quantized value of activity :
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Values of the horizontal, vertical and two diagonal gradients are calculated using 1-D Laplacian:
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Indices  and  refer to the coordinates of the upper left pixel in the  block. To assign the directionality , ratio of maximum and minimum of the horizontal and vertical gradients 
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and the ratio of maximum and minimum of two diagonal gradients 
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	(12)


are compared against each other and with set of thresholds  and :
Step 1.	If both  and ,  is set to .
Step 2.	If  continue from Step 3, otherwise continue from Step 4.
Step 3.	If ,  is set to , otherwise  is set to .
Step 4.	If ,  is set to , otherwise  is set to .
The activity value  is calculated as:
	
	
	(13)


 is further quantized to the range of 0 to 4 inclusively, and the quantized value is denoted as .
Geometric transformations of filter coefficients
Three geometric transformations, including diagonal, vertical flip and rotation are introduced: 
	Diagonal: 
Vertical flip: ,
Rotation: 
	(12)


where  is the size of the filter and  are coefficients coordinates, such that location  is at the upper left corner and location  is at the lower right corner. The transformations are applied to the filter coefficients f (k, l) depending on gradient values calculated for that block.  The relationship between the transformation and the four gradients calculated using Eqns. (7)-(10) is described in Table 1.
Table 1 Mapping of the gradient calculated for one block and the transformations. 
	Gradient values
	Transformation 

	gd2 < gd1 and gh < gv
	No transformation

	gd2 < gd1 and gv < gh
	Diagonal

	gd1 < gd2 and gh < gv
	Vertical flip

	gd1 < gd2 and gv < gh
	Rotation


Prediction from fixed filters
The temporal prediction of ALF coefficients [2] improves coding efficiency for inter coded frames. To improve coding efficiency when temporal prediction is not available (intra frames), a set of 16 fixed filters is assigned to each class. To indicate the usage of the fixed filter, a flag for each class is signaled and if required, the index of the chosen fixed filter. Even when the fixed filter is selected for a given class, the coefficients of the adaptive filter  can still be sent for this class in which case the coefficients of the filter which will be applied to the reconstructed image are sum of both sets of coefficients. Number of classes can share the same coefficients  signaled in the bitstream even if different fixed filters were chosen for them.
Cleanups of software
Some isolated functions have been removed. In addition, the chroma filter shape is aligned with the luma 5x5 filter shape. Context coded bins used for ALF coefficients have been replaced by by-pass coded bins.
Simulation results
The proposed methods have been implemented on top of HM16.6 JEM-1.0 and simulations were conducted following the JCT-VC common test condition used during HEVC development [4] with modifications agreed to last meeting. 
To validate the coding gain of the proposed methods, two sets of simulations are performed on top of HM16.6 JEM-1.0 and HM16.6 with ALF enabled. In addition, two more sets of simulations are conducted to show the overall coding gain of ALF including the proposed methods. Detail settings for the four sets are as follows:
1. Simulation set #1.
· Anchor #1: HM16.6 JEM-1.0.
· Test #1: Anchor #1 with the proposed method enabled.
1. Simulation set #2.
· Anchor #2: HM16.6 with ALF (i.e., HM16.6 JEM-1.0 with all new tools except ALF disabled). 
· Test #2: Anchor #2 with the proposed method enabled.
1. Simulation set #3.
1. Anchor #3: HM16.6 JEM-1.0 with ALF disabled.
1. Test #3: Anchor #3 with ALF including the proposed method enabled.
1. Simulation set #4.
· Anchor #4: HM16.6 (i.e., HM16.6 JEM-1.0 with all new tools disabled).
· Test #4: Anchor #4 with ALF including the proposed method enabled.
Detailed coding performance results are tabulated below, at the time of the submission results using JEM were not finalized.
Table 2 Coding performance of Test #1 (coding gain of proposed methods on top of HM16.6 JEM1.0).
	
	All Intra Main10
	Random Access Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A
	-0.6%
	-0.1%
	0.2%
	99%
	107%
	-0.8%
	0.0%
	1.0%
	99%
	102%

	Class B
	-0.6%
	-0.2%
	-0.4%
	99%
	107%
	-0.9%
	-0.1%
	-0.4%
	100%
	101%

	Class C
	-1.4%
	-0.1%
	0.1%
	100%
	105%
	-1.2%
	-0.1%
	0.3%
	98%
	100%

	Class D
	-1.5%
	-0.5%
	-0.6%
	100%
	110%
	-1.4%
	-0.3%
	-0.5%
	100%
	101%

	Class E
	-1.9%
	-1.5%
	-1.6%
	98%
	106%
	 
	
	 
	 
	 

	Overall (Ref)
	-1.1%
	-0.4%
	-0.4%
	99%
	107%
	-1.1%
	-0.1%
	0.1%
	99%
	101%



	
	Low delay B Main10
	Low delay P Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.6%
	1.1%
	0.8%
	100%
	102%
	-0.7%
	1.2%
	0.8%
	100%
	103%

	Class C
	-0.7%
	-0.3%
	0.3%
	98%
	100%
	-1.1%
	-0.1%
	0.2%
	98%
	104%

	Class D
	-1.3%
	-0.4%
	-0.1%
	100%
	103%
	-1.3%
	0.2%
	-0.6%
	102%
	106%

	Class E
	-1.3%
	0.9%
	0.5%
	102%
	101%
	-2.7%
	-0.1%
	0.2%
	100%
	105%

	Overall (Ref)
	-1.0%
	0.3%
	0.4%
	100%
	102%
	-1.3%
	0.4%
	0.2%
	100%
	104%



Table 32 Coding performance of Test #2 (coding gain of proposed methods on top of HM16.6 with ALF).
	
	All Intra Main10
	Random Access Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A
	-0.6%
	-0.2%
	0.3%
	92%
	108%
	-1.0%
	-0.1%
	0.5%
	101%
	114%

	Class B
	-0.8%
	-0.2%
	-0.7%
	93%
	109%
	-1.3%
	-0.2%
	-0.3%
	103%
	110%

	Class C
	-1.9%
	-0.1%
	0.0%
	95%
	107%
	-1.8%
	-0.1%
	0.2%
	103%
	101%

	Class D
	-2.1%
	-0.3%
	-0.3%
	98%
	109%
	-2.0%
	-0.6%
	-0.8%
	104%
	105%

	Class E
	-2.4%
	-1.4%
	-0.8%
	92%
	105%
	
	
	
	 
	 

	Overall (Ref)
	-1.5%
	-0.4%
	-0.3%
	94%
	108%
	-1.5%
	-0.2%
	-0.1%
	103%
	108%



	
	Low delay B Main10
	Low delay P Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.9%
	1.0%
	1.1%
	103%
	107%
	-1.1%
	0.7%
	0.9%
	103%
	111%

	Class C
	-1.2%
	-0.2%
	0.6%
	102%
	103%
	-1.8%
	0.0%
	0.1%
	104%
	100%

	Class D
	-1.7%
	-0.4%
	0.0%
	104%
	110%
	-2.0%
	-0.3%
	0.1%
	104%
	107%

	Class E
	-2.0%
	1.5%
	2.2%
	102%
	106%
	-3.6%
	0.2%
	-0.9%
	102%
	107%

	Overall (Ref)
	-1.4%
	0.4%
	0.9%
	103%
	107%
	-2.0%
	0.2%
	0.2%
	103%
	107%



Table 4 Coding performance of Test #3 (Overall coding gain of ALF on top of HM16.6 JEM1.0).
	
	All Intra Main10
	Random Access Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A
	-3.7%
	-2.4%
	-3.6%
	100%
	138%
	-6.1%
	-7.8%
	-10.9%
	102%
	112%

	Class B
	-2.4%
	-2.3%
	-2.0%
	100%
	131%
	-4.8%
	-4.1%
	-3.0%
	102%
	104%

	Class C
	-2.7%
	-2.5%
	-2.9%
	97%
	124%
	-3.6%
	-1.7%
	-1.8%
	101%
	100%

	Class D
	-2.2%
	-2.4%
	-2.6%
	101%
	123%
	-4.0%
	-1.3%
	-1.7%
	102%
	101%

	Class E
	-4.3%
	-5.3%
	-5.7%
	101%
	137%
	 
	
	 
	 
	 

	Overall (Ref)
	-3.0%
	-2.8%
	-3.2%
	100%
	130%
	-4.6%
	-3.7%
	-4.2%
	102%
	104%



	
	Low delay B Main10
	Low delay P Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class B
	-4.1%
	-2.9%
	-2.4%
	102%
	107%
	-6.2%
	-2.7%
	-2.5%
	102%
	116%

	Class C
	-4.5%
	-3.3%
	-3.8%
	101%
	106%
	-4.3%
	-2.0%
	-2.6%
	101%
	111%

	Class D
	-4.6%
	-2.1%
	-1.2%
	102%
	101%
	-3.4%
	-0.5%
	-1.0%
	104%
	111%

	Class E
	-4.8%
	-3.3%
	-2.3%
	106%
	105%
	-7.6%
	-4.9%
	-3.7%
	104%
	110%

	Overall (Ref)
	-4.4%
	-2.9%
	-2.4%
	103%
	105%
	-5.3%
	-2.4%
	-2.4%
	103%
	112%



Table 53 Coding performance of Test #4 (Overall coding gain of ALF on top of HM16.6).
	
	All Intra Main10
	Random Access Main 10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A
	-4.8%
	-2.1%
	-1.8%
	111%
	144%
	-7.8%
	-4.6%
	-5.3%
	110%
	153%

	Class B
	-3.3%
	-2.7%
	-2.5%
	111%
	140%
	-6.0%
	-3.7%
	-2.0%
	113%
	151%

	Class C
	-3.8%
	-3.1%
	-3.7%
	110%
	132%
	-4.8%
	-0.5%
	-1.2%
	109%
	131%

	Class D
	-3.0%
	-3.2%
	-3.6%
	115%
	126%
	-5.5%
	-1.0%
	-1.2%
	112%
	134%

	Class E
	-5.8%
	-6.7%
	-7.0%
	114%
	137%
	
	
	
	 
	 

	Overall (Ref)
	-4.0%
	-3.4%
	-3.5%
	112%
	136%
	-6.0%
	-2.5%
	-2.4%
	111%
	142%
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	Low delay B Main10
	Low delay P Main10

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class B
	-4.3%
	-1.9%
	-0.7%
	109%
	135%
	-9.1%
	-5.1%
	-3.4%
	111%
	135%

	Class C
	-4.4%
	-0.4%
	-0.3%
	107%
	117%
	-5.5%
	-0.3%
	-0.9%
	109%
	121%

	Class D
	-4.4%
	-0.6%
	-0.3%
	109%
	120%
	-4.0%
	-0.5%
	0.4%
	111%
	120%

	Class E
	-5.4%
	-1.7%
	-3.3%
	111%
	113%
	-9.7%
	-4.5%
	-7.3%
	115%
	122%

	Overall (Ref)
	-4.6%
	-1.2%
	-1.0%
	109%
	122%
	-7.1%
	-2.6%
	-2.6%
	111%
	125%


Conclusion
This contribution proposed several modifications of ALF based on HM16.6 JEM-1.0 software. We suggest to include these modifications into new JEM release.
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